Introduction
Primary hyperparathyroidism (PHPT) is rare in children, with a reported incidence of 2 to 5 per 100 000 in contrast to 21.6 per 100 000 in adults. 1 Pediatric hyperparathyroidism may more frequently present with associated morbidity, [1] [2] [3] [4] with approximately 85% presenting with signs and symptoms versus 15% in adults. 4, 5 The necessity of immediate treatment for incidentally discovered PHPT has been controversial in both adults and children. We present a case of PHPT in a prepubertal child that rapidly progressed from incidental discovery to renal complications despite medical management.
Case Presentation
An 8-year 9-month-old healthy Caucasian boy was evaluated at an outside clinic for attention deficit disorder, with decline in school performance and irritable behavior. Routine chemistry panel was significant for serum Ca 14 mg/dL (RR[reference range] = 8.6-10.6 mg/dL), with repeat levels of 12 mg/dL and 13.8 mg/dL over the next 2 weeks.
Approximately 6 weeks after the initial calcium measurement, the patient was admitted to the University of Texas Medical Branch for further evaluation. Past medical history was significant for several episodes of possible vasovagal syncope at 6 years of age, with no recent episodes, and nocturnal enuresis. There was no chronic medication use, no dietary restriction, and no supplement use. Family history was significant for hypothyroidism and high prolactin levels in a maternal aunt. Review of systems was significant for occasional headache and dizziness as well as the behavior complaints. On physical examination, the patient appeared fatigued; his height was at the 89th percentile and weight 82nd percentile; vital signs were normal, and he had a normal prepubertal exam. Initial laboratory tests were significant for serum Ca 12.3 mg/dL, ionized Ca 6.7 mg/dL (RR = 4.5-5.3 mg/ dL), iPTH (intact parathyroid hormone) 98.1 pg/mL (RR = 12-88 pg/mL), random urine Ca >35.6 mg/dL, and no hematuria. He was discharged after 2 days with recommendations to maintain hydration and low calcium diet. Prolactin and gastrin levels were normal, and MEN1 testing was later reported as negative.
Initial renal ultrasound showed irregularly hyperechoic renal medulla consistent with nephrocalcinosis; a repeat ultrasound 1 month later was normal. Parathyroid imaging studies were completed within 2 months of diagnosis. A sestamibi scan revealed increased radiotracer uptake in the left subclavicular area, which was interpreted as possible parathyroid tissue. Magnetic resonance images (MRIs) of the neck and upper thorax with contrast showed no abnormally enhancing lesions. Head and neck ultrasound showed a possibly enlarged left parathyroid gland with heterogeneous echogenicity, which was interpreted as indeterminate. Cranial computed tomography (CT), performed because of chronic headaches, was also unremarkable except for a mucus retention cyst in the maxillary sinus. Figure 1 shows concurrent Ca and iPTH levels, which remained elevated. He was started on alendronate 5 mg daily 1 month after the inpatient evaluation, which was followed by a decrease in Ca and iPTH to 12.8 mg/dL and 56.4 pg/mL, respectively. Urine remained negative for hematuria. He was also advised to maintain hydration with cranberry juice and water.
Ten weeks following initial evaluation, the patient presented with new complaints of body aches and dysuria, which progressed to include nausea, vomiting, and fever. Laboratory tests showed Ca 13.5 mg/dL, iPTH 90.3 pg/ mL, and hematuria (5 red blood cells/high-power field); a urine culture was positive for Escherichia coli. He was hospitalized for 7 days and received a single dose of intravenous pamidronate 17 mg; Ca decreased to 9.3 mg/dL within 2 days. Renal ultrasound revealed bilateral nephrocalcinosis, with a 7-mm nonobstructing renal calculus in the left interpolar segment and a left 5-mm ureterovesical junction stone with mild to moderate hydronephrosis. Cystoscopy and left ureteral stent placement was performed. He received intravenous cefotaxime 1800 mg intravenously 4 times a day and was discharged on a 7-day course of cefdinir 300 mg twice a day, with continuation of alendronate 5 mg daily.
Within 1 week, he presented with complaints of dysuria and red urine without fever. Urinalysis showed 250+ blood, and renal ultrasound revealed diffuse nephrocalcinosis without evidence of nephrolithiasis. Ca and iPTH levels were 13.2 mg/dL and 80 pg/mL, respectively.
During the evaluation process starting shortly after initial presentation, attempts to refer the patient for minimally-invasive radioguided parathyroidectomy (MIRP) were stymied by payer limitations and lack of definitive preoperative imaging studies. The patient's family pooled resources and traveled to an out-of-state parathyroid center where MIRP was performed during a halfday outpatient admission, with removal of a 1 × 1.5 cm 2 right parathyroid adenoma. Ca and iPTH levels were 9.5 mg/dL and 38 pg/mL at 1 month and 9.9 mg/dL and 11.7 pg/mL at 3 months after the surgery.
Discussion
PHPT is relatively rare in children, and most cases present with signs or symptoms of hypercalcemia or known risk factors. Such signs and symptoms can be relatively nonspecific and mistaken for more common conditions, leading to delayed diagnosis and treatment and potential progression to irreversible renal damage in some cases. 6 This is in contrast to adults with PHPT, who more frequently present with incidental, asymptomatic hypercalcemia. The reasons for this difference in presentation are undefined but may in part be related to the lower frequency of routine Ca measurement in children when compared with adults.
Our patient was discovered to have hypercalcemia on a routine chemistry panel during evaluation of behavioral disorder and declining school performance. Psychiatric disturbances have been anecdotally related to hypercalcemia in adults with PHPT. 7, 8 However, the estimated incidence of pediatric hyperparathyroidism is much lower than for behavior and school problems, and in this case, these latter problems did not resolve following definitive treatment of PHPT.
The role of preoperative imaging studies in children with PHPT is unclear. A systematic review that included 20 225 cases of PHPT, primarily adults, showed that Tc 99m -sestamibi and ultrasound were 88.44% and 78.55% sensitive for solitary adenomas, 44.46% and 34.86% for multiple gland hyperplasia, and 29.95% and 16.20% for double adenoma, respectively. 9 A separate review reported sensitivities of sestamibi scan, ultrasound, 4D-CT, and MRI as 78.9%, 76.1%, 89.4%, and 43% to 71%, along with specificities of sestamibi scan and ultrasound as 98% and 91% to 96%, respectively. 10 A reasonable conclusion is that standard imaging studies are useful if they are able to identify the abnormality but cannot be used to rule out a parathyroid adenoma. For our patient, preoperative sestamibi scan and ultrasound were considered nondefinitive but suggested an enlarged left parathyroid; however, a solitary right adenoma was found during MIRP.
Recommendations for medical therapy of hypercalcemia in children are similar to those for adults and are guided by the degree of hypercalcemia, the rate of rise in calcium concentration, and the presence of symptoms. In asymptomatic patients and patients with serum calcium level below 14 mg/dL, the recommendations may include reducing calcium intake and maintenance of adequate hydration. If the patient is symptomatic or serum calcium is >14 mg/mL, medical therapy is indicated, which may include bisphosphonates, loop diuretics, and glucocorticoids. The calcimimetic, cinacalcet, has been used in adults, but there is virtually no experience in children. 3, 11 Despite maintenance of Ca <14 mg/mL and the demonstrated effectiveness of bisphosphonate, our patient rapidly progressed from asymptomatic presentation to serious renal complications within a 3-month period after diagnosis. A possible contributory factor is the therapeutic recommendation for a low-Ca diet, which may lead to secondary hyperoxaluria and increased PTH, although PTH levels decreased in our patient. Cranberry juice, which acidifies urine, is postulated to decrease risk for Ca phosphate stones, but it may lead to increased Ca oxalate and uric acid stone formation. 12 The nature of the renal stones in our patient was not determined. A loop diuretic can acutely increase calciuria and, over the long term, increase serum Ca as a result of decreased glomerular filtration rate; however, our patient received furosemide only during hospitalization after nephrolithiasis had occurred. For our patient, nephrolithiasis was initially suspected on the basis of hematuria in a dipstick urinalysis and confirmed by ultrasonography; both these procedures may be advisable for monitoring during medical therapy of PHPT. [13] [14] [15] Spontaneous remission of PHPT has never been reported; however, questions have been raised as to whether asymptomatic PHPT always requires surgical treatment. Studies in adults with PHPT have suggested benefits of definitive surgical for asymptomatic PHPT. 16, 17 However, in the literature, there is no relevant published case series in children. The fact that only a minority of pediatric cases present asymptomatically suggests that the rapid rate of progression from incidental finding to complications may not be atypical in children, and our case illustrates the potential rapidity of progression. In addition, lack of surgical removal necessitates continual intensive monitoring until definitive treatment. Therefore, definitive surgical treatment may be advisable for all children with PHPT, regardless of symptomatology. Minimally invasive parathyroidectomy has emerged as a surgical procedure of choice for PHPT 18 and has been advocated even in the absence of positive diagnostic imaging studies by at least one group with extensive experience with this procedure.
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Conclusion
PHPT is rare in children and usually presents with clinical evidence of hypercalcemia. The natural history of incidentally diagnosed PHPT in children is undefined. However, our case suggests that rapid progression to renal complications may occur despite medical therapy, indicating the need for timely evaluation and definitive surgical treatment.
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